Viral haemorrhagic septicaemia is the most important virat disease of trout in Europe. The causative agent, viral haemorrhagic septicaemia virus (VHSV), a member of the lyssavirus genus of the rhabdoviridae family, was formerly believed to be confined to portions of the European continent; however in 1988, VHSV was isolated from adult chinook (Oncorhynchus tshawytscha) and coho (O. kisutch) salmon returning to two hatcheries in the northwestern part of the State of Washington, U.S.A. Initial fears were that the virus had been imported into North America, perhaps by aquaculture activities. The nucleotide and deduced amino acid sequences of the nucleocapsid (N) gene of one of the North American (Makah) isolates of VHSV were determined and compared with published sequences of a European reference strain of VHSV (07-71) and the Round Butte strain of infectious haematopoietic necrosis virus (IHNV), another salmonid fish rhabdovirus that is enzootic in western North America. The N gene of the Makah isolate of VHSV shared a similarity of 88.433% at the nucleotide level and 94-802 % at the amino acid level with the N gene of the European strain of VHSV, and 62.121% amino acid similarity with the N protein oflHNV. Like the European reference isolate, the North American isolate of VHSV showed three domains in the N protein, the central one being the most conserved and the likely site of interaction with genomic RNA. This was also the region of highest similarity with the amino acid sequence of IHNV. The sequence data suggested that the Makah and 07-71 isolates were of independent origin. Viral haemorrhagic septicaemia is an important viral disease of cultured fish, causing significant losses among stocks of rainbow trout (Oncorhynchus mykiss) at European fish farms (de Kinkelin et al., 1979) . The causative agent, a rhabdovirus, viral haemorrhagic septicaemia virus (VHSV), is a member of the lyssavirus genus of the rhabdoviridae family. Until recently, VHSV was believed to be confined to areas of the European continent (Wolf, 1988) and legislation was enacted in both the United States (U.S. Title 50) and Canada (Fish Health Protection Regulations) to prevent its introduction into North America. In the autumn of 1988, isolates of VHSV were obtained from adult chinook salmon (O. tshawytscha) returning to the Glenwood Springs Hatchery on Orcas Island, Washington, U.S.A. (Hopper, 1989) , and from adult coho salmon (O. kisutch) returning to the Makah National Fish Hatchery near Neah Bay, Washington, U.S.A. (Brunson et al., 1989) . Electron
The sequence of the nucleocapsid gene of the Makah isolate (North American reference strain) of viral haemorrhagic septicaemia virus has been deposited in the EMBL databank under the accession number 59241. microscopy revealed the new isolates were typical rhabdoviruses and morphologically indistinguishable from European strains of VHSV. By neutralization assays using polyclonal rabbit serum and by immunofluorescence using monoclonal antibodies, the North American isolates were identified as typical serotype 1 strains of VHSV. Western blot analysis revealed that the MrS of the five structural proteins of the Washington isolates and their reaction with the polyclonal antiserum were identical to that observed with a reference strain (F1) of VHSV from Denmark (Winton et al., 1989) . Initially, there was concern that the virus had been imported from Europe, perhaps by aquaculture activities that have been increasing in the Puget Sound area of Washington State.
In order to determine the genetic relatedness between one of the new North American isolates of VHSV and a European reference strain, we cloned and sequenced the nucleocapsid (N) gene of the Makah isolate of VHSV (Brunson et al., 1989) . The nucleotide and deduced amino acid sequences were compared with published sequences of a French isolate (07-71) of VHSV serotype 1 (Bernard et al., 1990) and with those of another salmonid fish rhabdovirus, infectious haematopoietic necrosis virus (IHNV; Gilmore & Leong, 1988) , which is enzootic in many parts of western North America and has been recently introduced into France (Hattenberger-Baudouy et al., 1989) .
Stock aliquots of the Makah strain of VHSV were prepared in the epithelioma papulosum cyprini (EPC) cell line (Fijan et al., 1983) as described by Brunson et al. (1989) . The virus in these stock aliquots had received a total of four passages in cell culture. For cloning, confluent monolayers of EPC cells were infected with stock virus at an m.o.i, of 5 and harvested after 17 h incubation. Total nucleic acids were extracted using a guanidinium thiocyanate buffer (Chomczynski & Sacchi, 1987) and poly(A) mRNA was isolated on an oligo(dT)-cellulose column. The cDNAs were synthesized and inserted in the Uni-Zap XR unidirectional vector using a Stratagene ZAP-cDNA synthesis kit following the manufacturer's recommendations. After packaging (Stratagene) and amplification in Escherichia coli PLK-F' cells, phage containing inserts were subcloned into E. coli XL1 Blue (Bullock et al., 1987) . A probe was prepared by random priming of the insert excised from pSHV-N1 (Bernard et al., 1990) . Positive plaques were selected and the N gene rescued as a pBluescript SK-plasmid as described by Short et al. (1988) . Positive recombinant clones were probed again for verification. Inserted DNA from a recombinant clone harbouring the full-length gene was sequenced using the T7 Sequencing Kit (Pharmacia) as directed by the manufacturer. As needed, sequencing primers were synthesized using a Biosearch 8700 DNA synthesizer.
When compared by using the Genetics Computer Group (GCG) computer program, the nucleotide sequence of the N gene of the Makah isolate of VHSV shared an 88-433 ~o similarity with the 07-71 strain from France as calculated from the total sequence (Bernard et al., 1990) (Fig. 1) . The leader sequence included the transcription start signal (AACA) at positions 65 to 68 of the Makah isolate. Only three mismatches were observed in the leader sequence between the two isolates.
The open reading frame began with the AUG at positions 87 to 89 included inside a Kozak box (Kozak, 1987a, b) , and ended with the strong stop, UAAA (Brown et al., 1990) , at positions 1300 to 1303. Again both features were shared by the European isolate 07-71. However, between the stop codon and the poly(A) tract, the Makah mRNA contained 20 additional nucleotides not found in the 07-71 sequence (Fig. 1) .
From the nucleotide sequence, the 404 amino acids of the N protein of the Makah isolate were deduced and aligned with published amino acid sequences of the N proteins of the 07-71 isolate of VHSV (Bernard et 1990 ) and the Round Butte isolate of IHNV (Gilmore & Leong, 1988) . The percentage similarity was 94.802 and 62-121, and the percentage identity 91.089 and 37.121 with 07-71 and IHNV respectively (Fig. 2) . Regions of the 07-71 N gene that shared identity with the IHNV N gene (Bernard et al., 1990) were generally conserved in the Makah isolate as well. The relatedness between the three sequences was particularly strong for the central portion of the protein as shown by matrix comparisons of the three viral N proteins (Fig. 3) . Most of the nucleotide mismatches between the Makah and 07-71 strains were silent changes positioned at the third base of the codon, or ones that produced conservative substitutions. The similarities between the N genes of the Makah and 07-71 viruses probably represent constraints due to requirements for the N protein to interact precisely with both the viral RNA and AKALC,M,,S,,,,,,V,,,N,,,K,,,AL,,D,,,,,, the M1 protein. The conserved regions may not play a role in the pathogenicity or replication efficiency in fish, as the Makah isolate was recovered from asymptomatic adult salmon and was present at low titre (Brunson et al., 1989) unlike the highly pathogenic strain 07-71 (Bernard etal., 1985) and despite the fact that both strains multiply equally well in cultured cells.
Comparison of the three amino acid sequences shown in Fig. 2 suggested the N proteins of these fish lyssaviruses could be divided into three domains as suggested by Crysler et al. (1990) who described three regions of similarity among N proteins of different vesiculoviruses.
The N protein attachment sites for the genomic RNA are not well known. Several arginine residues (Zamore et al., 1990) were conserved, but were not arranged following the consensus sequence, A-TR---RR (Lazinski et al., 1989) . Methionine (Zopf et al., 1990) residues were also conserved for the three isolates in that same central region. Finally, Thomas et al. (1985) used electron microscopy to show that the N protein of vesicular stomatitis virus (VSV) interacts in its central portion with the genomic RNA; this would correspond with the region of highest identity for the fish rhabdoviruses presented here. Two tyrosine kinase phosphorylation site consensus sequences (RMLGESY and EKEESDDDDY) were found in the Makah virus sequence at amino acid positions 282 to 288 and 390 to 398 respectively, but these were not conserved among all three viruses. Five of the 29 serine residues present in the Makah nucleoprotein were conserved among the three nucleoproteins and may represent phosphorylation sites. Brown et al. (1990) demonstrated that the preferential stop codon for highly expressed eukaryotic proteins is TAA(A/G). That stop was used for the N genes of the Makah (Fig. 1) and 07-71 (Bernard et al., 1990) strains of VHSV, rabies virus (Tordo et al., 1986a) and IHNV (Gilmore & Leong, 1988) and for the G gene of IHNV (Koener et al., 1987) . The TGAG stop was preferred for the G gene of rabies virus (Tordo et al., 1986b) . McAUister & Wagner (1975) reported that the G protein represents 17.8 ~ and 11.5 ~o of the total protein of IHN and VHS viruses respectively; the presence of the TAA(A/G) stop is therefore in agreement with the expression level of N and G proteins among rhabdoviruses.
Extensive analysis of the genetic variability among isolates of VSV of the New Jersey serotype collected from throughout the enzootic range showed the glycoproteins of the isolates had up to 19.8 ~ sequence difference (Nichol et al., 1989) and the phosphoproteins and N proteins had up to 19 and 17~ sequence difference, respectively (Bilsel et al., 1990) . Because the Makah and 07-71 strain genes showed a similar extent of diversity (11-5~), the isolates may not have a recent common origin; however, until additional European and North American isolates are sequenced, the total extent of genetic diversity among N genes of VHSV will not be known. In addition, the Makah cDNA was made from virus at the fifth passage in cell culture, but the 07-71 strain had received many passages before it was cloned.
T1 ribonuclease fingerprinting analysis has provided further evidence that the North American and European strains of VHSV do not share a recent origin. The North American isolates fell into a different fingerprint group from the European strains (K. Oshima, National Fisheries Research Center, Seattle, Washington, U.S.A., unpublished data). In addition, infection trials using several species of salmonid fish revealed the VHSV isolates from North America were significantly attenuated in virulence (J. R. Winton, unpublished data). Taken together, the data suggest that VHSV isolates from North America have a non-European origin. In this regard, the recent isolation of VHSV from a Pacific cod in Prince William Sound, Alaska (T. Meyers, Alaska Department of Fish and Game, Juneau, Alaska, U.S.A., personal communication) provides evidence for a marine fish species as the natural host for the North American strains of the virus.
